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ABSTRACT
Context. Circumstellar disks are expected to be the birthplaces of planets. The potential for forming one or more planets of various
masses is essentially driven by the initial mass of the disks, a crucial parameter for any planet formation theory. Constraining the
masses of disks is a question of great interest for low-mass stars, which are expected to harbor less massive disks.
Aims. We present and analyze Herschel/PACS observations of disk-bearing M-type stars that belong to the young ∼2 Myr old
Chamaleon-I star forming region, to better constrain the properties of the circumstellar material and the stellar mass dependance
of these parameters.
Methods. We used the radiative transfer code RADMC to successfully model the spectral energy distributions (SEDs) of 17 M-
type stars detected at PACS wavelengths. Our modeling strategy is carefully designed so that we search for the most probable disks
parameters amongst a large grid of models, via Bayesian inference, an approach that has already proven to be successful.
Results. Based on the modeling results, we first discuss the relatively low detection rates of M5 and later spectral type stars with
respect to the PACS sensitivity, and argue their disks masses, or flaring indices, are likely to be low (Mdisk ∼ 10−5 M, γ ∼ 1.1). For M0
to M3 stars, we find a relatively broad range of disk masses (10−4–10−3 M), scale heights, and flaring indices. Via a parametrization
of dust stratification, we can reproduce the peak fluxes of the 10 µm emission feature observed with Spitzer/IRS, and find that disks
around M-type stars may display signs of dust sedimentation. We discuss a tentative correlation between the strength of the 10 µm
emission feature and the parametrized stratification.
Conclusions. The Herschel/PACS observations of low-mass stars in Cha-I provide new constraints on their disk properties, overall
suggesting that disk parameters for early M-type stars are comparable to those for more massive stars (e.g., comparable scale height
and flaring angles). However, regions of the disks emitting at about 100 µm may still be in the optically thick regime, preventing direct
determination of disk masses. Thus the modeled disk masses should be considered as lower limits. Still, we are able to extend the
wavelength coverage of SED models and start characterizing effects such as dust sedimentation, an effort leading the way towards
ALMA observations of these low-mass stars.
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1. Introduction
Circumstellar disks are the natural by-products of the star for-
mation process and are expected to be the birthplaces of planets.
While their mass is thought to be dominated by gas with very lit-
tle amount of dust (1% in mass), it is the dust that dominates the
continuum opacity of a circumstellar disk. As the disks reprocess
stellar light, they can be best characterized at near- to far-infrared
(IR) wavelengths, down to millimeter wavelengths. Based on the
excess emission in the near-IR, the typical time-scale for the disk
to dissipate is estimated to be around ∼ 5–6 Myr (e.g., Hernán-
dez et al. 2007). Within these few Myr, dust grains are expected
to grow from µm- sized pebbles to km-sized planetesimals and
eventually to planets before the disk’s material is efficiently dis-
sipated via photo-evaporation, or grain growth and subsequent
radial drift (see Williams & Cieza 2011 for a recent review). An
Send offprint requests to: olofsson@mpia.de
? Herschel is an ESA space observatory with science instruments pro-
vided by European-led Principal Investigator consortia and with impor-
tant participation from NASA.
important question aims at addressing how the planet formation
efficiency changes as the function of the environment, especially
in the low-mass regime. Numerical simulations of planetary pop-
ulation synthesis, such as the ones led by Alibert et al. (2011) and
Mordasini et al. (2012) have shown that the expected planet pop-
ulation should depend on the stellar masses and disk properties.
There has been a general effort to better characterize the relation-
ship between the stellar masses and disk properties, which can
additionally be related to the formation mechanism of very low
mass stars (Padoan & Nordlund 2002; Reipurth & Clarke 2001;
Bayo et al. 2011, 2012). It is therefore of prime importance to
better constrain the disk characteristics, as well as dust and gas
properties, around stars over a wide range of masses (e.g., Pas-
cucci et al. 2009). Earlier studies based on near-IR Spitzer/IRAC
and MIPS 24 µm data (e.g. Szu˝cs et al. 2010; Mulders & Do-
minik 2012) investigated the vertical structure of disks as a func-
tion of the stellar mass. Szu˝cs et al. (2010) showed that gas disks
in hydrostatic equlibrium with perfect mixing of dust and gas
are inconsistent with the observations of low-mass (early M-type
stars) and very low mass stars (late M dwarfs and brown dwarfs,
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hereafter BDs). They found that larger scale height reduction of
the dust component is required for BDs than for low-mass stars
when compared to the hydrostatic equilibrium solution. Mulders
& Dominik (2012) implemented the prescription of dust settling
(described in Dullemond & Dominik 2004) to hydrostatic equi-
librium models and found similar turbulent mixing strengths (a
parameter governing dust settling) and dust disk scale heights
over a large range of stellar masses, at the same emitting re-
gions of the disks. Supplementing near- and mid-IR observa-
tions with far-IR measurements provide additional constraints
on the structure of young circumstellar disks, and the Herschel
observatory (Pilbratt et al. 2010) has already proven successful
at studying these disks (e.g., Cieza et al. 2011; Joergens et al.
2012). Harvey et al. (2012b,a) presented the results of their Her-
schel/PACS Phase 1 Guaranteed Time program with which they
observed a significant number of M-type stars and BDs. Thanks
to a conservative Bayesian approach to model the SEDs of about
50 sources, they found that the median disk mass for their BDs
sample may be smaller (Mdisk ∼ 3 × 10−5 M) than for disks
around more massive T Tauri stars (Mdisk ∼ 10−3 − 10−1 M).
However, they found that disk properties, such as disk flaring and
scale height, to be comparable with disks around T Tauri stars. In
this paper we seek to complete these efforts by investigating disk
properties in the low stellar mass regime, at the midway between
T Tauri stars and brown dwarfs. We focus on stars in the M0-M5
spectral type regime in a single star forming region.
The Chamaeleon-I (Cha-I hereafter) star forming region is a
perfect laboratory to study gas-rich disks around low-mass ob-
jects. Given its proximity (160-170 pc, see Luhman et al. 2008
for a detailed review) even M-type stars are bright enough to be
observed in the far-IR with Herschel. The disk fraction in Cha-
I is of about 60%, suggesting a relatively young age (∼ 2 Myr,
Hernández et al. 2007 and references therein, ∼ 3 Myr, from the
isochronal age distribution, Luhman et al. 2008). In this study
we aim for a better characterization of the properties of disks
around 17 M-type stars detected with the Herschel/PACS instru-
ments (most likely the brightest M-type stars in Cha-I). Thanks
to a careful SED modelling approach, supported with a Bayesian
analysis on key parameters, we further discuss the disks prop-
erties around low-mass objects. In Sect. 2, we first present the
Herschel observations and data processing. The modelling ap-
proach is described in Sect. 3 and the results are detailed and
discussed in Sect. 4 and 5. We summarize our results and con-
clude in Sect. 6.
2. Observations and data processing
In the following we first present the Herschel/PACS observations
of the Cha-I star forming region, the data processing, and the
sources that were successfully detected in the far-IR.
2.1. Herschel/PACS observations
In this study, we make use of Herschel observations of the
Cha-I region from the Guaranteed Time Key Programme led by
P. André at the three PACS wavelengths (70, 100 and 160 µm, in
blue, green and red filters, respectively, Poglitsch et al. 2010).
Maps in the green and red filters were produced from OBSIDs
1342224782 and 1342224783 (PACS photometry only), both
taken on the 28/07/2011 with durations of 17461 and 17721 sec-
onds, respectively. The map in the blue filter was reduced from
OBSIDs 1342213178 and 1342213179, both taken in PACS
and SPIRE parallel mode, on the 22/01/2011, with durations of
12955 and 11686 seconds, respectively. Because these observa-
tions were performed in parallel mode, their sensitivity is ex-
pected to be smaller than the green map, and were therefore not
used when producing the map at 160 µm. Data processing was
performed within the “Herschel Interactive Processing Environ-
ment” (HIPE, version 10.0.667) using build-in scripts dedicated
to the data reduction of such large maps. This script makes use
of highpass filtering to remove the 1/f noise and is best suited for
point sources.
The target sample was drawn from previous studies of the
Cha-I region by Luhman & Muench (2008) and Luhman et al.
(2008). Szu˝cs et al. (2010) have already compiled a list of
sources in Cha-I with near-IR excess indicative of a siginificant
amount of circumstellar dust, this list containing 62 M-type stars
(the prime focus of this study). Here we only study the sources,
that were detected at least at one of the PACS wavelengths (17
sources out of 62), but we will also discuss the detection statistics
later on. The map at 100 µm appears to be the most sensitive one
compared to other wavelengths. Flux extraction was performed
via aperture photometry, with aperture radii of 10′′ for the blue
and green maps, and 20′′ for the red map. Fluxes were corrected
for the aperture sizes, depending on the radii used (fluxes divided
by 0.774, 0.727, and 0.800 for the blue, green, and red filters, re-
spectively). The pixel scales for the blue and green maps are 2′′,
and 3′′ for the red map. To estimate the uncertainties, for each
sources, we randomly placed 5 000 apertures within a circle of
a radius of 150 pixels around the source position (radii of 300′′
and 450′′ for both pixel scales). We then build a histogram of the
measured fluxes in this area and fitted a Gaussian to the distri-
bution of fluxes. The σ width of the Gaussian was used as the
uncertainties on the measured fluxes. The center of the Gaussian
fit is a good estimate of the background level, and was conse-
quently subtracted from the source flux. These values were al-
ways smaller than the derived uncertainties. Table 1 summarizes
the Herschel/PACS fluxes and upper limits for M-type stars de-
tected with a signal-to-noise ratio (S/R hereafter) larger than 3
at least at one wavelength. Uncertainties on the detections are
1σ, and upper limits are 3σ. A total of 17 sources were success-
fully detected, with spectral types ranging from M0.5 to M5.75.
Young stellar objects with later spectral types, including BDs,
were not successfully detected.
2.2. Near- and mid-IR complementary observations
In addition to the 2MASS data (Skrutskie et al. 2006), to con-
struct the SEDs of the sources detected in the far-IR, we gathered
photometric observations in the near- and mid-IR from litera-
ture: Spitzer/IRAC, MIPS data (Werner et al. 2004; Fazio et al.
2004; Rieke et al. 2004) both from Luhman & Muench (2008)
and Luhman et al. (2008) and the WISE catalog (Wright et al.
2010). Table 2 summarizes these fluxes for each of the source.
Additionally, several stars in our final sample (15 out of 17)
were observed with the IRS spectrograph (Houck et al. 2004)
onboard Spitzer. Spectroscopic data were processed using the
FEPS pipeline (see, e.g., Bouwman et al. 2008).
The SEDs of the 17 M-type stars detected with PACS are
displayed in Figures 1 and 2. 2MASS and optical data are shown
with filled, black circles, WISE measurements are represented
with red hexagons and IRAC and MIPS observations are shown
with green diamonds. PACS detections are represented by open,
black circles, and upper limits by downwards black triangles.
Where available, the Spitzer/IRS spectra are represented by a
red line. The dashed line represents the stellar photosphere (see
Sect. 3).
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Table 1. Sources detected in the PACS observations and measured fluxes. Uncertainties on detections are 1σ, upper limits (denoted by “<”) are
3σ.
Object Name ID RA Dec Spectral type F70 F100 F160
[J2000] [J2000] [mJy] [mJy] [mJy]
J10533978-7712338 1 10 53 39.78 −77 12 33.90 M2.75 < 273.3 88.6 ± 15.7 < 162.0
J11044258-7741571 2 11 04 42.58 −77 41 57.13 M4 < 231.9 135.7 ± 15.4 < 427.4
J11062554-7633418 3 11 06 25.55 −76 33 41.87 M5.25 < 248.0 228.5 ± 11.8 284.1 ± 54.9
J11065906-7718535 4 11 06 59.07 −77 18 53.57 M4.25 < 301.8 131.1 ± 20.2 < 461.7
J11071206-7632232 5 11 07 12.07 −76 32 23.23 M0.5 < 315.3 295.6 ± 14.8 211.0 ± 58.3
J11074366-7739411 6 11 07 43.66 −77 39 41.15 M0 < 615.6 445.0 ± 21.7 < 979.5
J11085464-7702129 7 11 08 54.64 −77 02 12.96 M0.5 < 285.7 129.7 ± 13.4 < 159.1
J11091812-7630292 8 11 09 18.13 −76 30 29.25 M1.25 < 300.9 120.9 ± 19.8 < 362.7
J11094742-7726290 9 11 09 47.42 −77 26 29.06 M3.25 < 282.4 210.0 ± 14.2 < 315.4
J11095407-7629253 10 11 09 54.08 −76 29 25.31 M2 348.3 ± 94.2 429.3 ± 19.8 < 373.0
J11095873-7737088 11 11 09 58.74 −77 37 08.88 M1.25 < 472.5 226.6 ± 17.5 < 218.0
J11100704-7629376 12 11 10 07.04 −76 29 37.70 M0 < 282.0 162.7 ± 19.7 < 352.3
J11104959-7717517 13 11 10 49.60 −77 17 51.70 M2 709.6 ± 83.0 490.1 ± 14.4 407.8 ± 133.8
J11105333-7634319 14 11 10 53.33 −76 34 31.99 M3.75 < 393.3 112.9 ± 19.0 < 765.8
J11105597-7645325 15 11 10 55.97 −76 45 32.57 M5.75 < 294.7 72.6 ± 15.1 < 419.4
J11111083-7641574 16 11 11 10.83 −76 41 57.43 M2.5 < 280.7 176.4 ± 14.9 < 445.4
J11120984-7634366 17 11 12 09.85 −76 34 36.61 M5 < 287.3 71.6 ± 16.2 < 267.6
Table 2. Near- and mid-IR fluxes (Spitzer/IRAC, MIPS, and WISE) from the literature for the sources detected PACS wavelengths.
Spitzer/IRAC & MIPS WISE
Object Name F3.6 F4.5 F5.8 F8.0 F24 F3.35 F4.6 F11.56 F22.1
[mJy] [mJy] [mJy] [mJy] [mJy] [mJy] [mJy] [mJy] [mJy]
J10533978-7712338a 7.12 6.58 6.62 8.00 55.40 6.40 6.01 11.14 59.19
J11044258-7741571b 31.66 25.97 20.26 18.50 52.42 25.84 21.92 20.08 54.18
J11062554-7633418b 14.21 12.21 11.61 11.35 52.42 12.53 11.89 13.39 51.88
J11065906-7718535b 32.55 27.20 24.25 32.14 56.95 59.85 58.85 70.71 87.63
J11071206-7632232b 97.40 79.90 71.24 69.03 115.75 85.33 69.40 68.03 133.36
J11074366-7739411b 325.50 282.19 215.13 212.35 336.91 294.23 276.02 223.81 525.58
J11085464-7702129a 103.88 104.36 93.05 84.54 186.86 99.06 97.58 96.53 200.19
J11091812-7630292b 190.79 191.67 158.74 161.09 270.10 146.92 157.38 155.84 269.30
J11094742-7726290b 68.01 71.54 51.61 47.76 121.20 56.90 57.67 39.11 117.34
J11095407-7629253b 106.80 99.67 102.97 118.87 239.62 112.28 112.65 113.94 240.46
J11095873-7737088b 449.32 451.39 395.09 397.25 386.83 399.47 392.05 344.09 406.11
J11100704-7629376b 235.80 218.05 215.13 262.46 275.12 224.43 215.05 245.17 312.64
J11104959-7717517a 75.95 82.14 90.51 142.91 452.40 114.36 114.32 191.90 448.58
J11105333-7634319b 62.02 67.69 57.64 75.00 111.56 50.94 54.02 84.31 131.78
J11105597-7645325b 55.53 52.31 47.94 46.03 70.39 49.15 45.35 35.24 75.90
J11111083-7641574b 0.64 0.64 0.63 0.74 9.37 0.63 0.71 0.59 7.46
J11120984-7634366b 51.12 43.91 35.70 36.56 63.03 58.82 51.54 37.11 60.07
Spitzer photometry taken from: (a) Luhman & Muench (2008), (b) Luhman et al. (2008)
3. SED modelling: a bayesian approach
3.1. The RADMC model
We used the radiative transfer code RADMC (Dullemond & Do-
minik 2004) to model the SEDs of the 17 sources detected at
PACS wavelengths. A given model is first described by the stellar
photosphere, and we opted for the NextGen atmospheric mod-
els (Hauschildt et al. 1999). Table 3 shows the adopted values
for the effective temperature Teff , stellar luminosity (Lbol) and
foreground extinction (AV), taken from the literature (Luhman
2007; Luhman & Muench 2008). We used a surface gravity of
log(g) = 3.5, consistent with dwarf stars. For all the stars, we as-
sumed a distance of d? = 165 pc. The disk itself is then described
by the inner and outer radii (rin and rout, respectively), the disk
mass (Mdisk, assuming a gas-to-dust ratio of 100), and a surface
density profile (Σ = Σ0(r/r0)α, α < 0). The vertical distribution
is assumed to follow a Gaussian profile (∝ exp[−z2/2H(r)2]),
where H(r) is defined as H(r) = H0(r/r0)γ where γ is the flaring
exponent of the disk. The dust content is fully parametrized by
the minimum and maximum grain sizes (smin and smax), a grain
size distribution (dn(s) ∝ spds, p < 0), and the optical constants
of astronomical silicates (Draine 2003) combined with the Mie
scattering theory to compute the mass absorption coefficients.
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Table 4. Disk parameters for the grids of models. The number in parenthesis are the number of values for each parameter.
Parameter Values
Mdisk (6) [10−5, 5 × 10−5, 10−4, 5 × 10−4, 10−3, 5 × 10−3] M
rin (3) [1, 2, 3]×rsub
H0 (5) [5, 10, 15, 20, 25] AU
H0, small (4) H0+ [0, 1, 2, 5] AU
γ (7) [1.00, 1.05, 1.10, 1.15, 1.20, 1.25, 1.30]
i (10) [5, 14, 23, 32, 41, 50, 59, 68, 77, 86]
Table 3. Stellar parameters for sources detected in the PACS observa-
tions (see Sect. 5 for the stellar masses determination).
Object Name Teff Lbol AV M?
[K] [L] [M]
J10533978-7712338 3600 0.032 2.50 0.64
J11044258-7741571 3270 0.093 1.28 0.27
J11062554-7633418 3091 0.052 3.59 0.16
J11065906-7718535 3234 0.11 0 0.24
J11071206-7632232 3778 0.36 2.21 0.90
J11074366-7739411 3850 1.4 4.80 1.01
J11085464-7702129 3778 0.34 3.19 0.90
J11091812-7630292 3669 0.55 6.82 0.74
J11094742-7726290 3379 0.22 8.02 0.36
J11095407-7629253 3560 0.48 5.22 0.58
J11095873-7737088 3669 0.84 1.99 0.74
J11100704-7629376 3850 1.4 2.50 1.01
J11104959-7717517 3560 0.42 4.15 0.58
J11105333-7634319 3306 0.13 0.50 0.29
J11105597-7645325 3024 0.13 0.81 0.12
J11111083-7641574 3488 0.8a 2.41 0.49
J11120984-7634366 3125 0.15 0.39 0.18
(a) see Section 4.1.
3.2. The grid of models
Our modeling approach is motivated by the work presented in
Harvey et al. (2012a). The goal is not necessarily to achieve the
best possible fit to the data, given the degeneracy of certain pa-
rameters in SED modeling without spatially resolved observa-
tions. Instead, we aim at finding the most probable values for
several key parameters, such as Mdisk or the scale height of disks
around M-type stars. We therefore decided to choose a few rel-
evant parameters, and keep the other constant. Based on the re-
sults presented in Harvey et al. (2012a), rout is chosen to remain
constant (100 AU) for all the objects. Determining the value of
rout is a challenging problem, even when millimeter observations
are available. Only a handful of studies could constrain the outer
radius of disks around low mass stars and typical values of 15–
40 AU were found (e.g., Luhman et al. 2007; Ricci et al. 2013).
Several studies investigated whether or not rout could be inferred
from SED modeling of far-IR observations (e.g., Harvey et al.
2012b; Spezzi et al. 2013) and concluded the Herschel observa-
tions mostly remained insensitive to this parameter. This could
indicate that the far-IR emission arises from regions within a few
AUs of the disks and that the parameter rout mostly has a signif-
icant impact on the millimeter emission. In an effort to limit the
number of free parameters we opt not to include rout in the grid
of models, an approach in line with the modeling strategies de-
scribed for instance in Andrews & Williams (2005, 2007); Mor-
row et al. (2008) and Mathews et al. (2013). On the other end,
rin is a crucial parameter to get the near-IR shape of the SED
properly. Even though our study is not focused on the inner disk
structure, rin is a free parameter in the grid. The surface density
distribution has an exponent of α = −1, a value shallower than
the Minimum Mass Solar Nebula, but consistent with theoreti-
cal estimations (e.g., Bell et al. 1997) and observational results
(α ∼ −0.9, Andrews et al. 2009). The grain size distribution fol-
lows a power-law with a slope in p = −3.5 (Mathis et al. 1977).
The grid of models is therefore computed over the following pa-
rameters: rin, Mdust, H0, and γ. For H0, the reference radius is
set at r0 = 100 AU. Each model provides 10 SEDs for different
inclinations i between 5◦ and 86◦ (0◦ being a face-on disk).
Even though we do not aim at fitting perfectly the IRS
spectra, preliminary tests have shown that the observed emis-
sion features (especially at 10 µm) provide valuable information.
We computed a first grid of models for the object J11071206-
7632232, with smin = 0.03 µm and smax = 1 mm for the dust
grains. The most probable model (see next paragraph) repro-
duces the overall shape of the SED but the 10 µm emission
feature was severely under-predicted by all the models. We in-
terpreted this as a sign for dust settling, and consequently in-
cluded a “second” population which contains only small dust
grains in the upper layers of the disk, with smin = 0.01 µm and
smax = 0.1 µm. We parametrized this second population of dust
grains via another scale height reference value H0, small, that can
be 0 (no stratification), 1, 2, or 5 AU above the H0 for the larger
grains, therefore mimicking a sedimentation of the larger grains.
The small grain component was set to account for 10% of the
total dust mass. The values for smin and smax for both dust popu-
lations were not changed during the fitting process.
Table 4 summarizes the free parameters explored in our grid
of models (rsub is the radius at which the silicate dust grains
reach the sublimation temperature of 1500 K). For each source,
we therefore computed a total of 25 200 SEDs. To obtain the
most probable values for all the parameters aforementioned, we
computed probability distributions for all the free parameters.
For each model, the goodness of the fit is assessed via a reduced
χ2r . These χ
2
r values are then transformed into probabilities (∝
exp[−χ2r /2]), which are then projected onto each dimensions of
the parameter space. This approach enables us to get a census
on which parameters are well constrained (or not), as well as
provide the most probable values. This methodology has already
proven to be successfull for such studies (Harvey et al. 2012a;
Spezzi et al. 2013).
To be able to compare consistently models for different
sources, the goodness of fit has to be estimated in a similar fash-
ion for all 17 sources. Significant photometric variability is ob-
served for several sources at near- and mid-IR wavelengths (e.g.,
Spitzer/IRAC & MIPS versus WISE fluxes, see J11065906-
7718535; Table 2), which is a main issue for SED model-
ing given that the photometric datapoints are non-simultaneous
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Fig. 1. SED of J11071206-7632232 (#5). Grey dashed line represents
the photosphere. Filled black circles are 2MASS measurements, green
diamonds are Spitzer/IRAC and MIPS observations, red hexagons are
the WISE measurements. Spitzer/IRS spectrum is shown in red. PACS
observations are in open circles and upper limits are represented as filled
black triangles. The most probable model is shown as a solid black line,
and the grey lines correspond to models within the 68% confidence in-
terval (see text for details).
(e.g., Joergens et al. 2012). Several years have passed between
the Spitzer, WISE, and 2MASS observations, and additionally
Spitzer/IRAC, MIPS, and IRS data are usually not taken simul-
taneously. Photometric variability in the Class II phase can be
caused for example by variable accretion (e.g., Muzerolle et al.
2009; Joergens et al. 2012) or occultation effects due to the disk
(Alencar et al. 2010; Looper et al. 2010) and it affects mostly the
near- and mid-IR fluxes and much less the far-IR.
Out of the 17 sources, only two sources have not been
observed with the IRS instrument (J10533978-7712338 and
J11111083-7641574), while 14 sources have IRS spectra be-
tween 5 and 35 µm and one source (J11062554-7633418) was
only observed with the Short Low module (5.2-14.5 µm). We
therefore opted to use the IRS spectra to construct the χ2r , to
minimize as much as possible the effect of time variability in the
near- and mid-IR (i.e., IRAC, MIPS, and WISE measurements
are not used when Spitzer/IRS spectra are available). For the 14
sources with a complete IRS spectra, we used five points at 5.5,
7.5, 9.8, 15, and 30 µm (averaged over ±0.1 µm). For J11062554-
7633418, we used data from the IRS Short-Low module and
used 4 points at 5.5, 7.5, 9.8, and 14 µm, plus the WISE W4 point
at 22 µm. For the two sources without IRS data, we used the four
WISE points and the IRAC point at 8 µm. For all the sources, the
near-IR excess is constrained by the 2MASS K-band photomet-
ric point. Finally, the uncertainties were set to 10% of the ob-
served fluxes for all wavelengths but the PACS wavelengths for
which we used the uncertainties derived from the observations.
The PACS upper limits were not included when computing the
χ2r values.
4. Results
We detected 17 sources in the far-IR belonging to the young star-
forming region Cha-I and successfully model their SEDs. The
most probable fits to the SEDs, as defined by models with disk
parameters at the peak positions of their respective probability
Table 6. Detection statistics.
Spectral type Detections # Original sample
M0 4 4
M1 2 8
M2 4 5
M3 2 8
M4 2 8
M5 3 18
M6 0 4
M7 0 1
M8 0 3
M9 0 3
distributions, are displayed as solid black lines in Figures 1 and
2. The most probable disk parameters are summarized in Table 5.
For a given source, the second line of the Table shows the range
of validity for the considered parameter, obtained from the prob-
ability distribution. Given the distribution P(θ) for the parameter
θ between θmin and θmax, the range of validity [θ1, θ2] is found for∫ θ1
θmin P(θ) dθ =
∫ θmax
θ2 P(θ) dθ = (1 − β)/2, where β = 0.68 (see
e.g., Pinte et al. 2008). The interval [θ1, θ2] corresponds to the
68% confidence interval for each parameters. In Figures 1 and 2,
models that are within this interval are plotted in light grey.
4.1. Edge-on disks and problematic sources
We could hardly find satisfying models for two sources:
J10533978-7712338 and J11111083-7641574 (#1 and 16, re-
spectively). Source #16 is most likely an edge-on disk, if we
use the luminosity of 0.003 L, as reported in the literature, the
near-IR fluxes can be reproduced regardless of the disk inclina-
tion (as long as it is not too high), but the far-IR fluxes would be
very much underestimated. The differences between the modeled
SED and the far-IR observations could be reduced by setting the
inclination to a higher value, and increasing the stellar luminos-
ity to 0.8 L to match the near-IR data points. Even though our fi-
nal model still slightly under-predicts the PACS measurement at
100 µm, our finding compares well with the modeling presented
in Robberto et al. (2012), where the authors found i ∼ 87.1◦ for
this source.
The main issue in the modeling of source #1 comes from the
high fluxes at WISE W4 and MIPS 24 µm wavelengths (59.2 and
55.4 mJy, compared to our modeled fluxes of 26.4 and 28.4 mJy
at 22 and 24 µm, respectively). First of all, detailled inspection
of the individual WISE W4 images show the source is bright,
clearly detected, and isolated from other nearby sources. The
overall small reduced χ2 in the WISE catalog suggests it is a
point source without any significant contamination. This is con-
firmed by the MIPS 24 point, which is close to the W4 point.
However, no disk models could reproduce both the mid-IR dat-
apoint and the very steep decrease toward the PACS measure-
ment (detected at more than 5σ). The object is not located close
to any bright region in the Herschel map and does not appear as
extended either. Robberto et al. (2012) and Luhman & Muench
(2008) suggested the source is seen almost edge-on and is mainly
seen in scattered light. In the following statistical analysis both
problematic sources will be excluded from the sample.
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Table 5. Derived most probable values for the disk parameters of the 17 M-type stars. The second line indicates the range of validity for each
parameter (see text for details).
Object Name ID Mdisk rin H0 H0,small γ i Spectral type
[M] [rsub] [AU] [AU] [◦]
J10533978-7712338 1 5×10−3 3 10 5 1.30 68 M2.75
[5×10−4, 5×10−3] [1,3] [5,15] [1,5] [1.20,1.30] [5,68]
J11044258-7741571 2 10−3 3 5 5 1.30 5 M4
[10−3, 5×10−3] [2,3] [5,5] [2,5] [1.25,1.30] [5,32]
J11062554-7633418 3 5×10−3 3 15 1 1.30 59 M5.25
[5×10−3, 5×10−3] [1,3] [15,25] [0,2] [1.25,1.30] [32,59]
J11065906-7718535 4 10−3 3 10 2 1.15 50 M4.25
[5×10−4, 10−3] [1,3] [10,10] [1,5] [1.10,1.15] [14,59]
J11071206-7632232 5 5×10−4 2 10 1 1.20 59 M0.5
[5×10−4, 10−3] [1,3] [5,10] [1,2] [1.15,1.25] [32,68]
J11074366-7739411 6 5×10−4 1 10 0 1.10 23 M0
[5×10−4, 5×10−4] [1,1] [10,10] [0,0] [1.10,1.10] [14,32]
J11085464-7702129 7 10−4 2 15 1 1.15 68 M0.5
[5×10−5, 10−4] [1,3] [15,20] [1,5] [1.15,1.20] [41,68]
J11091812-7630292 8 5×10−5 1 15 1 1.15 50 M1.25
[5×10−5, 10−4] [1,2] [15,20] [1,2] [1.10,1.15] [32,59]
J11094742-7726290 9 10−3 2 5 5 1.25 50 M3.25
[5×10−4, 5×10−3] [1,3] [5,10] [5,5] [1.20,1.30] [41,68]
J11095407-7629253 10 5×10−4 3 15 1 1.20 68 M2
[5×10−4, 10−3] [2,3] [10,15] [1,2] [1.15,1.20] [50,68]
J11095873-7737088 11 10−3 1 5 5 1.00 23 M1.25
[5×10−4, 5×10−3] [1,2] [5,10] [2,5] [1.00,1.00] [14,59]
J11100704-7629376 12 10−4 2 10 0 1.10 50 M0
[10−4, 10−3] [2,2] [5,10] [0,1] [1.00,1.10] [23,59]
J11104959-7717517 13 5×10−4 3 15 5 1.15 5 M2
[5×10−4, 10−3] [2,3] [10,15] [2,5] [1.15,1.15] [5,23]
J11105333-7634319 14 5×10−4 3 10 5 1.10 5 M3.75
[5×10−4, 10−3] [2,3] [10,10] [2,5] [1.05,1.10] [5,14]
J11105597-7645325 15 10−4 3 15 1 1.20 68 M5.75
[5×10−5, 10−4] [2,3] [10,25] [0,2] [1.15,1.25] [23,68]
J11111083-7641574 16 10−3 3 10 1 1.10 86 M2.5
[10−3, 10−3] [2,3] [10,10] [1,1] [1.10,1.10] [86,86]
J11120984-7634366 17 10−4 2 10 2 1.25 68 M5
[5×10−5, 5×10−4] [1,3] [5,15] [1,5] [1.20,1.30] [23,68]
4.2. Detection statistics and probabilities
The original stellar sample from Szu˝cs et al. (2010) contained 62
M-type stars, and 17 sources out of these 62 were successfully
detected at least at one PACS wavelengths. Table 6 summarizes
the number of objects detected and the total number of sources
in the stellar sample for different spectral types from M0 to M9.
First of all, while it is expected to not detect very low-mass ob-
jects, it appears that several M1 stars of the original list are not
detected by the PACS instrument (25% detection rate). Close in-
spection of the 100 µm PACS map reveals that several of these
M1 stars are close to bright, extended structures, rendering any
detection impossible.
Based on the numerous SEDs modeled within the grids, we
can better investigate the probabilities of detecting a disk for a
certain set of parameters. Because the 100 µm map is the most
sensitive of all three PACS bands, we considered a 3σ detection
threshold of 60 mJy to be representative of the observations (see
Table 1). We then estimated the 100 µm fluxes for all the models
of a single source (e.g., source #17 for a M5 star) and computed
the fraction of models that would be detected as a function of
certain disk parameters. Figure 3 shows the detection probabil-
ities as a function of the disk mass, where different values for
the flaring indices γ are color-coded, for the M5 star J11120984-
7634366. The fact that for small disk masses the detection prob-
abilities are larger for γ = 1.0 compared to γ = 1.1 is not a
numerical issue in the radiative transfer calculations. We tested
this against the number of photons in the model, and the reso-
lution of the radial grid. The fact that the detection probabilities
become smaller for γ = 1.0 at higher masses tends to indicate
that different regions in the disks are probed at 100 µm for small
disk masses (optical depth effect). Besides this, one can imme-
dialety see that the PACS observations at 100 µm are not sensi-
tive enough to detect disk masses of about 10−5 M around this
star. These simple considerations enable us to better understand
the detection rates presented in Table 6. All the M0 stars of our
stellar sample were detected because no matter how massive, or
how flared, the disk is, the chances of detecting it are overall
large, while the probabilities of detecting relatively low-mass,
reasonably flared disks (e.g., Mdisk = 10−4 M, γ ∼ 1.1) around
M5 stars rapidly drop below 50%. According to our modeling
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Fig. 2. Same as Figure 1 for the 16 other M-type stars detected at PACS wavelengths.
results, all the three M5 stars detected in our sample have high
flaring indices (γ = 1.3 for J11062554-7633418 and J11120984-
7634366, and 1.2 for J11105597-7645325), which should not be
interpreted as an evidence for larger γ values for disks around
M5 stars, in addition to the overall challenge when dealing with
low-number statistics.
The stellar sample considered in this study originally aimed
at selecting disk-bearing sources (Szu˝cs et al. 2010), based
on their near-IR excesses. However, 15 M5-type stars that are
known to harbor a disk were not detected in the Herschel ob-
servations. Manoj et al. (2011, and references therein) reported
that five M5 stars in Cha I are in multiple systems, some of them
having small separations. For instance 0.17′′ separates the pri-
mary and secondary of the Cha Ha2 system (Ahmic et al. 2007;
Lafrenière et al. 2008) corresponding to about 28 AU at 165 pc.
Such small separation can have a strong impact on the disk (see
e.g., Bitner et al. 2010), and may explain why the disk is not de-
tected at PACS wavelengths. However, out the of five M5 stars
with known multiplicity, two of them are detected with the Her-
schel data even at small separation: objects #6 (28.9′′ separation,
Kraus & Hillenbrand 2007) and #15 (0.13′′ separation Ahmic
et al. 2007; Lafrenière et al. 2008). It does not seem (based on
five sources) that binarity can solely explain the small detection
rate of M5 stars in the Herschel map of Cha-I. Even though the
detection probabilities shown in Figure 3 are derived for a sin-
gle source, with its own luminosity, this would suggest that the
disks around these 15 undetected M5 stars are most likely low-
mass (Mdisk . 5 × 10−5 M for a flaring index of about γ ∼ 1.1),
or have low flaring indices (γ ≤ 1.1) for slightly higher disk
masses, the two parameters being most likely degenerate.
Article number, page 7 of 11
A&A proofs: manuscript no. Cha-I
10-5 10-4 10-3
Mdisk [M¯]
0
20
40
60
80
100
D
e
te
ct
io
n
 p
ro
b
a
b
il
it
y 
[%
]
γ=1.0
γ=1.1
γ=1.2
γ=1.3
Fig. 3. Detection probabilities at λ = 100 µm, based on the grid of mod-
els for the M5 star J11120984-7634366 (#17), as a function of the disk
mass for different flaring indices (see text for details).
4.3. Disk masses and disk evolution
As discussed in Sect. 4.2, we most likely detected the most mas-
sive, or more flared disks around M3-M5 stars. This detec-
tion bias renders the question of disk masses around M-type
stars challenging at the sensitivity level of the Herschel maps.
Nonetheless, our study complements the current effort towards
a better characterization of disks around low-mass stars (e.g.,
Harvey et al. 2012a; Joergens et al. 2012). Our sample contains
slightly more massive objects and fills in the gap for several
M0–M3 type stars. We find that disks around such objects have
masses in the range 10−4–10−3 M. Based on the detection prob-
abilities as a function of PACS sensitivity at 100 µm, we already
concluded that disks around M5 stars (or later spectral types)
should either (i) have masses of the order of 10−5 M, or below, a
result consistent with the study from Harvey et al. (2012a), or (ii)
appear flatter than early M-type stars (low γ values). Addition-
ally, we searched for a correlation between the estimated disk
masses and the 100 µm fluxes. To estimate the significance (or
lack) of the correlation between the two quantities, we used the
Kendall τ correlation coefficient (between 1 and −1, for a per-
fect correlation and anti-correlation, respectively), and its asso-
ciated probability P (the smaller, the more robust). We obtained
a Kendall τ correlation coefficient of 0.23, with a probability
P = 0.22. The lack of a correlation implies that the measured
far-IR fluxes are only a reliable measure by themselves for disk
masses in the regime Mdisk . 10−5 M where a larger fraction
of the total disk mass lies in regions of smaller optical depths
in the far-IR (Harvey et al. 2012a). This result implies that, as
opposed to mm observations, fluxes in the far-IR cannot be di-
rectly used to measure disk masses around M0-M5 type stars. A
careful SED modeling effort is the next best approach to estimate
disk masses in the higher mass regime.
In an attempt to link the most probable disk masses to the
evolution of the circumstellar disk, we show in Figure 4 the disk
masses inferred from the modeling as a function of the near- to
far-IR color ([3.6] − [100]), quantity defined as
[a] − [b] = − log(λbFb) − log(λaFa)
log(λb) − log(λa) , (1)
 
-0.5 0.0 0.5 1.0
 
[3.6]-[100]
10-5
10-4
10-3
10-2
M
d
is
k
 [
M
¯]
  [1]
[2]
[3]
  [4]
[5]
  [6]
[7]
[8]
  [9]
  [10]
  [11]
  [12]
[13]
[14]
[15]
  [16]
  [17]
5×10−5M¯
1×10−4M¯
5×10−4M¯
1×10−3M¯
5×10−3M¯
Fig. 4. Most probable disk masses Mdisk as a function of near- to far-IR
color ([3.6] − [100]).
 
-1.5 -1.0 -0.5 0.0 0.5 1.0
 
[11.56]-[100]
0.95
1.00
1.05
1.10
1.15
1.20
1.25
1.30
1.35
γ
[1]
  [2][3]
[4]
[5]
[6]
[7] [8]
  [9]
[10]
[11]
[12]
[13]
[14]
[15]
  [16]
  [17]
Flared
Flat
Edge-on
Fig. 5. Most probable flaring indices γ as a function of mid- to far-IR
color ([11.56] − [100]).
where Fa,b is the flux density in units of erg.s−1.cm−2.µm−1 at
wavelength λa,b in units of µm. As the near- to far-IR colors be-
come bluer (increasing [3.6] − [100]), the modeled disk masses
become smaller, a result in line with (sub-)mm surveys of young
stellar objects (e.g., Andrews & Williams 2007). Including all
our sources, we find a Kendall τ correlation coefficient of −0.58
with an associated probability P = 1.1 × 10−3. Consequently,
even if the most probable disk masses do not correlate well with
the measured Herschel fluxes, they do anti-correlate relatively
well with the near- to far-IR shape of the SEDs, a quantity that
can be related to the far-IR opacity of the disks (disk evolution
or substantial growth of dust particles, Beckwith et al. 1990; An-
drews & Williams 2007).
4.4. Disk flaring
Our modeling results point toward a relatively broad distribu-
tion of flaring indices (1 ≤ γ ≤ 1.3). We can therefore search
for a first order approximation between the SEDs and the flaring
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indices. Figure 5 shows the mid- to far-IR colors (between the
WISE band W3 and the 100 µm flux) as a function of the most
probable flaring indices γ. In Figure 5, sources with γ ≥ 1.2 are
shown with open black circles, and γ ≤ 1.15 with red squares.
The two sources that are most likely edge-on (#1 and #16) are
shown as green diamonds. Excluding the two edge-on sources
from the sample (#1 and #16), we find a correlation coefficient
τ = 0.73 with the associated probability P = 1.6×10−4, suggest-
ing the two quantities correlate well. We find that a threshold
value [11.56] − [100] ∼ 0.5 appears to separate relatively well
flat and flared disks.
4.5. A tentative characterisation of dust vertical distribution
The Spitzer/IRS observations are probing the optically thin up-
per layers of the circumstellar disks. Even though we did not
aim at fitting the emission features perfectly, our parametrization
of the dust stratification (via the parameter H0, small) has proven
to be a good approach to characterize dust settling and repro-
duce the overall shape of the 10 µm emission feature (especially
their peak fluxes). For all the sources but two (sources #6 and
12), a population of small dust grains in the uppermost layers
is required to provide a satisfaying match to the IRS data, even
though the confidence intervals for H0, small are fairly large (ex-
cept for source #9 which has the strongest 10 µm feature in our
sample). The IRS spectra of sources #6 and 12 do show a 10 µm
emission feature, but the features appear slightly weaker and flat-
ter than for some of the other sources (e.g., sources #9, 11 or 13).
To investigate deeper this possible relation, we computed the
ratio between optically thin and thick emission at 10 µm, from
the IRS spectra. As a first order approximation, the emission fea-
ture at 10 µm indeed arises from optically thin regions of the
disk, while the continuum emission originates from optically
thick regions. We therefore defined a linear, local continuum
(Fν,cont) underlying the observed 10 µm emission feature (Fν,obs)
between λ1 = 7.5 and λ2 = 13.5 µm. The observed ratio between
optically thin and thick emission can then be approximated by
the quantity
∫ λ2
λ1
(Fν,obs − Fν,cont) dλ/
∫ λ2
λ1
Fν,cont dλ. We find that
this quantity may correlate tentatively with the H0,small param-
eter for the most probable fits to the SED (Kendall τ = 0.39,
with the associated probability P = 0.05), but there is no sign
of correlations with other parameters such as Mdisk, H0 or γ.
By adding more small grains in the optically thin regions of the
disk, the parametrization of the dust stratification seems to be a
good solution to reproduce strong 10 µm emission features as the
one of object #9. For the other sources of the sample, the situ-
ation is more ambiguous (hence the small correlation Kendall
τ coefficient). Computing the value S peak from the IRS spec-
tra, as in Kessler-Silacci et al. (2006), to quantify the amount
of dust processing, we find a median value of 1.7 with a stan-
dard deviation of 0.7, indicating “boxy” emission features at-
tributed to µm-sized grains or shallow grain size distributions
(Olofsson et al. 2010). These values match the vast majority of
previous Spitzer/IRS observations of young circumstellar disks
(e.g., Bouwman et al. 2008; Furlan et al. 2009; Olofsson et al.
2009; Manoj et al. 2011; Oliveira et al. 2011). However, while
we aimed for reproducing the peak flux of the 10 µm feature, we
did not aim for matching their shape (grain size distribution and
crystallinity), a question beyond the scope of this paper.
Nonetheless, characterizing dust settling based on SED mod-
eling is a challenging problem. Dullemond & Dominik (2008)
have shown that dust sedimentation can have an effect on the
10 µm emission feature when the grain size distribution is bi-
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Fig. 6. LABOCA observations of source # 6 (marked with a white
“+” symbol), which suggest the measured flux is contaminated by the
nearby source. The beam size is displayed in the lower left corner.
modal (two different grain sizes), but this effect is severely
damped when considering a continuous grain size distribution.
Our approach is closer to the bimodal distribution as we do not
have a full description of dust settling. Consequently, the ques-
tion of dust stratification in these disks will have to be further
investigated, for instance by observing a flat sub-mm slope con-
firming the presence of mm-sized dust grains in the disk mid-
plane.
4.6. Sub-mm LABOCA observations
The Cha-I star forming region has been observed in the sub-
mm with the bolometer array LABOCA at the APEX telescope
(Belloche et al. 2011). Out of the 17 sources detected with Her-
schel/PACS, three sources were also detected at 870 µm (sources
# 6, 9, and 16). The fluxes reported by Belloche et al. (2011)
are 94, 132, and 72 mJy for these three sources, respectively.
Inspecting the LABOCA map, we find the flux for source # 6
(J11074366-7739411, see Fig. 6) may suffer from contamina-
tion by a nearby source. While the close-by source is also de-
tected in the 100 µm PACS map, it is much more compact and
does not contaminate the far-IR measurement. Therefore, we es-
timated the peak flux in the 870 µm map by fitting a Gaussian
profile with a full width at half maximum of 21.2′′ (equal to the
beam size) on top of the background emission, using the IDL
package Starfinder (Diolaiti et al. 2000). We obtain a peak
flux of about ∼ 58 mJy (instead of 94 mJy). Our most probable
models severely under-predict the observed sub-mm fluxes, with
predicted fluxes of 10, 14 and 10 mJy for sources # 6, 9, and 16,
respectively.
The first possible explanation for these discrepancies is that
we under-estimate the disk masses with our models. Belloche
et al. (2011) reported masses of 4.4 × 10−3, 1 × 10−2, and
5.5 × 10−3 M for sources # 6, 9 and 16, respectively (assuming
Fν = 58 mJy at λ = 870 µm for source # 6), a factor 5 to 10 above
our results. In Section 4.3, we already discussed that the mea-
sured PACS fluxes do not correlate with the inferred disk masses,
indicating that the emission is not fully optically thin at 100 µm.
Consequently, the Herschel observations are not direct tracers
of the amount of dust in the disks we modeled (hence the effort
of modeling the SED from optical to far-IR wavelengths, see
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also Sect. 5 for further discussion). However, the purpose of this
study is to compare relative disk parameters for stars of differ-
ent spectral types, modeled in a consistent way. Furthermore, the
fluxes differences in the sub-mm can also be the consequences of
several assumptions that have to be made. First, as demonstrated
by Draine (2006), the opacity in the sub-mm wavelength regime
highly depends on the maximum grain sizes, the grain size dis-
tribution and the dust composition. The dust content is described
by the optical constants of astronomical silicates, while carbona-
ceous grains, icy grains could well be present in the outermost re-
gions of the disk. This would in turn modify the sub-mm slope of
our diks models. We choose smax = 1 mm, which is large enough
at PACS wavelengths but may not be the best choice to model
observations at 870 µm (following the criterion of smax ≥ 3λ of
Draine 2006). Increasing the maximum grain size to a few mm
may slightly increase the sub-mm fluxes of our models. Addi-
tionally, far-IR measurements may not be sensitive to cold dust
in the outermost regions, suggesting that regions of the disk may
remain unseen by Herschel. Finally, optical constants are usually
measured at room temperature, while the dust grains in the outer-
most regions of circumstellar disks can be as cold as a few tens of
Kelvin. Coupeaud et al. (2011) have demonstrated that the tem-
peratures of the grains during laboratory experiments have dras-
tic effects on their opacities, especially in the sub-mm. Investi-
gating these effects for three sources in our sample with sub-mm
data is out of the scope of this study.
5. Discussion
Several studies have speculated that some disk properties are dif-
ferent for disks around Sun-like stars and very-low mass objects
(e.g., Pascucci et al. 2009). The two categories being usually
defined for spectral types between G5–K1 to M4.5 for the first
group and M5 to M9 for the latter group. For instance, based on
Spitzer/IRACs color distributions of a statistically large sample,
Szu˝cs et al. (2010) concluded that disks may appear to be flatter
around cooler stars, a consequence of dust settling towards the
disk midplane. While the low-number statistics and the biases in-
herent to the sensitivity of the Herschel/PACS observations pre-
vent us from drawing firm conclusions our findings can still be
put into a broader picture by comparing them to other studies.
Mainly, the question of the available mass in disks around
low-mass stars has motivated several observational campaigns in
the past years, to better assess the efficiency of planet formation
in such systems. The underlying motivation being to assess if the
disk mass is a function of the central stellar mass. Therefore, to
compare the disk masses inferred in our analysis as a function of
M?, we gathered results from the literature, for a broader range
of stellar masses. First, for our 17 M-type stars, we estimated the
masses of the host stars by interpolating isochrones from Baraffe
et al. (2003, assuming an age of 2 Myr) over their effective tem-
peratures Teff (see Table 3). In Figure 7, the ratio Mdisk/M? as a
function of the stellar mass is shown in the left panel and the rela-
tion Mdisk as a function of M? is displayed in the right panel. We
show results from our analysis and from the literature (Osterloh
& Beckwith 1995; Natta et al. 2000; Scholz et al. 2006; Joergens
et al. 2012; Ricci et al. 2012, 2013; Harvey et al. 2012a; Spezzi
et al. 2013). The stellar masses for the Cha-I sample from Harvey
et al. (2012a) were determined from the stellar effective temper-
atures, in a similar way as for our sample. One should keep in
mind that such a representation is affected by detection biases,
especially for very low-mass stars. But overall, no clear trends
are visible, as there is a significant vertical dispersion at all stel-
lar masses, a conclusion in line with the results of Scholz et al.
(2006) and Williams & Cieza (2011). In both panels of Figure 7
the shaded area correspond to the trend log(Mdisk/M?) = −2 ± 1
observed in (sub-)mm surveys (e.g., Williams & Cieza 2011).
It appears that several disk masses inferred from SED modeling
of far-IR observations (filled symbols) fall below the trend de-
termined from (sub-) mm observations. This may indicate that
optical depth effects are still important in the far-IR and that the
modeled disk masses may be lower limits estimates, keeping in
mind that far-IR observations may not be sensitive to cold dust
in the outermost regions. One can note from Figure 7 that the
dispersion in disk masses is smaller for low mass stars than for
sources with solar masses, which may be related to lower far-IR
optical depths for disks around low mass stars. Overall, the ab-
solute values of Mdisk seem to be smaller for disks around (very)
low-mass stars, indicating that massive planets (a few MJup) can
hardly form in these disks (e.g., Mordasini et al. 2012). How-
ever, the relative Mdisk/M? ratio appears to remain constant over
a large range of stellar masses, a valuable input information for
planet formation theories. Future ALMA observations will pro-
vide more accurate mass determination by probing optically thin
emission, with a better sensitivity, and will enable us to investi-
gate deeper the stellar mass dependance.
6. Conclusion
We studied and modeled the SEDs of 17 disk-bearing, low-mass
M-type stars (spectral types between M0 and M5.75) detected at
Herschel/PACS wavelengths in Cha-I (out of 62 M-type stars).
The increased SED coverage at far-IR wavelength, combined
with a careful modeling approach, enabled us to discuss further
the disk masses, flaring indices and dust settling in regions of the
disks responsible for emission up to far-IR wavelengths.
First, we discussed the detection rates of known disk-bearing
sources (based on near-IR excess) and concluded the Herschel
sensitivity for these observations not to be sufficient to de-
tect disk masses below ∼ 10−5 M, or flaring indices below
γ ≤ 1.1, for disks around M5 stars (or later spectral types).
For sources detected in the PACS map, we find a distribution
of disk masses between 10−4–10−3 M, which compares well
with other studies of similar sources in the far-IR (e.g., Harvey
et al. 2012a; Spezzi et al. 2013). We find that the most proba-
ble disk masses anti-correlate with the near- to far-IR color of
the SED. However, the far-IR fluxes do not correlate well with
the derived disk masses, suggesting the contribution of regions
with high optical depth, which are often non negligeable even at
these wavelengths. Consequently, for several sources in our sam-
ple, we find that the most probable masses lie below the trend
log(Mdisk/M?) = −2±1 observed in (sub)-mm surveys of young
disks. This suggests the disk masses found via modeling of far-
IR observations can most likely be considered as lower limits es-
timates. Future ALMA observations will provide more reliable
disk masses estimates (e.g., Ricci et al. 2012, 2013). Finally, we
suggest that dust settling may already take place in these young
disks (∼ 2 Myr), via the analysis of the 10 µm emission feature,
and especially its strength with respect to the underlying contin-
uum. The parametrized stratification enables us to constrain the
presence of small dust grains in the uppermost optically thin lay-
ers of the disks, while the observations still remain un-sensitive
to the grain sizes in the disk midplane. Sub-mm observations are
expected to provide further constraints on the dust grain sizes in
regions closer to the midplane (e.g., Boehler et al. 2013).
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sample only), blue triangles from Spezzi et al. (2013, lower limits), and open red circles from this work. The color-coding in right panel is the
same as in left panel. Filled symbols correspond to disk masses inferred from modeling of far-IR observations (this work, Joergens et al. 2012,
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